This study proposes a new method for testing for the presence of momentum in nominal exchange rates, using a probabilistic approach. We illustrate our methodology estimating a binary response model using information on local currency / US dollar exchange rates of eight emerging economies. After controlling for important variables a¤ecting the behavior of exchange rates in the short-run, we show evidence of exchange rate inertia; in other words, we …nd that exchange rate momentum is a common feature in this group of emerging economies, and thus foreign exchange traders participating in these markets are able to make excess returns by following technical analysis strategies. We …nd that the presence of momentum is asymmetric, being stronger in moments of currency depreciation than of appreciation. This behavior may be associated with central bank intervention.
Introduction
The existence of momentum in spot exchange rates -and more generally in the short-term returns of …nancial assets -has been well established in the academic literature. While studying the hypothesis of foreign exchange markets e¢ ciency, researchers have found that nominal exchange rates display behaviors akin to mean reversion and positive serial correlation (see, for instance, Levich (1989) and Taylor (1992) ). Traders in the foreign exchange (fx herein) markets have widely exploited trading strategies that combine mean reversion and momentum 1 , such as moving average rules, to generate excess returns over a buy-and-hold strategy 2 .
As documented by Taylor and Allen (1992) , in the short-run traders are more likely to follow strategies based on technical analysis than to base their actions on the behavior of economic fundamentals. In fx markets, strategies based on technical indicators are more likely to succeed because, as Meese and Rogo¤ (1983) show, while macroeconomic fundamentals have explanatory power for stock returns, they do not have it for nominal exchange rates. Additionally, economic fundamentals usually have a lower frequency of ‡uctuation than nominal exchange rates. In order to have technical trading strategies that generate positive risk-adjusted returns in fx markets, it must be the case that these markets are not fully e¢ -cient. If fx markets were totally e¢ cient, currencies should ‡uctuate randomly after controlling for the relevant information set at all moments in time. However, there is vast evidence that shows that the random walk hypothesis does not prevail in fx markets (see, for example, LeBaron (1999) and Marsh (2000) ). In other words, there is ample empirical evidence showing that currency price changes represent more than random departures from previous prices, and therefore short-run exchange rate movements are at least partially predictable. There might be multiple sources for market ine¢ ciencies in exchange fx markets. However, the academic literature has identi…ed two main sources: noise trading and central bank intervention (Okunev and White (2003) ). The former states that noise traders, who make decisions based on the previous movements of the currencies, dominate 1 Chiang and Jiang (1995) …nd that foreign exchange returns exhibit high positive correlations in the short-run (momentum) and negative correlations in the long-run (mean revertion).
2 Many studies have shown that simple moving average trading rules systematically beat a buy-and-hold trading strategy. See, for example, Jegadeesh and Tirman (2001) , Okunev and White (2003) , and Balvers and Wu (2006) . fx markets. The latter posits that central banks, not interested in trading profits, intervene fx markets to dampen foreign exchange volatility and to ensure that currencies re ‡ect their targeted values. Central bank intervention can thus generate non-random exchange rate movements, and can even foster pro…table trading strategies which can be exploited by fx traders (Sweeny (1986) and Neely (1997) ). Regardless of the source of market ine¢ ciencies, economists and researchers in the …eld of behavioral …nance have shown that exchange rate and, more generally, stock momentum is consistent with psychological feedback mechanisms. When market participants observe a currency depreciating (appreciating) they assume it is more likely it will continue to depreciate (appreciate) in the short-run, and will therefore enter into the market in a kind of "bandwagon e¤ect" (Malkiel (2003) ). Various studies have formally tested for the presence of momentum in exchange rates. Most tests employ the framework developed by Fama and French (1998) , and examine sample autocorrelations of realized exchange rate returns to check whether or not the series present positive serial correlation. If return correlations are statistically equal to zero, then it is said that exchange rates follow a random walk process. In particular, a zero autocorrelation of exchange rate returns indicates that market participants respond only to news which, by de…nition, are unpredictable. Most of the tests estimate correlations in currency returns over di¤erent time horizons, employing the generalized method of moments (GMM) estimator to calculate the variance-covariance matrix with correction for serial correlation (see, for instance, Chiang and Jiang (1995) ). This study proposes a new method for testing for the presence of momentum in nominal exchange rates, using a probabilistic approach. We estimate a logit model using information on local currency / US dollar exchange rates of eight emerging economies 3 . After controlling for important variables a¤ecting the behavior of exchange rates in the short-run, we show evidence of exchange rate inertia; in other words, we …nd that exchange rate momentum is a common feature in this group of emerging economies, and thus fx traders participating in these markets are able to make excess returns by following technical analysis strategies. We …nd that the presence of momentum is asymmetric. It is stronger during periods of exchange rate depreciation than during periods of exchange rate appreciation. This empirical regularity may obey to the "fear of ‡oating" in emerging economies identi…ed by Calvo and Reinhart (2002) , which has shown to be asymmetric in periods of local currency appreciation and depreciation. In fact, as Levy-Yeyati and Sturzenegger (2007) , and Pontines and Rajan (2010) show, emerging market economies are more sensitive to exchange rate appreciation than depreciation and therefore central bank authorities in these economies are more likely to intervene fx markets trying to depreciate their currencies. The method proposed in this study allows to test for the exchange rate momentum hypothesis in a very simple way, which has not been proposed before in the academic literature. While existing studies of momentum follow a time-series approach estimating the autocorrelation function and performing variance-ratio tests to contrast the white noise hypothesis on exchange rate returns, our methodology estimates the probability that exchange rate presents short-term memory. Our methodology has some advantages over the existing one, and its able to answer to interesting questions that cannot be answered when looking at sample autocorrelation functions. When autocorrelation functions are analyzed, researchers have to assume particular parametric forms for volatility clusters. Therefore, test results are sensitive to the chosen parametric forms. It is not uncommon that results are not robust under di¤erent model speci…cations (see, for instance, Michello and Chowdhury (2009), and Pavlova and Parhizgari (2008) ). The probabilistic approach for testing momentum proposed in this study is based on duration hazard analysis, and provides a very ‡exible framework which overcomes the problem of assuming a particular parametric form for volatility clusters. Our approach presents other advantages, including the maximal use of existing data and the identi…cation of the likelihood of e¤ects at various exposure levels. The model proposed here is able to provide answers to relevant questions such as: conditional on having observed an appreciation (depreciation) of today´s exchange rate, what is the probability that tomorrow´s exchange rate will continue to appreciate (depreciate) given the behavior of the economic fundamentals? Or, how do central bank interventions a¤ect the probability that the exchange rate continues to appreciate (depreciate) given the value of the control variables?
The next section are organized as follows: section 2 presents a brief data description, section 3 describes the empirical strategy and estimation results; and …nally, section 4 presents the concluding remarks.
Description of the data
In this paper we study the existence of exchange rate momentum in a sample of eight emerging economies. One of the main sources of momentum in fx markets identi…ed in the literature is central bank intervention (see, for instance, Okunev and White (2003) , and Beine et al. (2006)). Recent studies have shown that central bank intervention is more e¤ective in emerging market economies (Canales-Kriljenko (2003)). We chose these particular list of eight countries due to three main reasons: i). there are particular case studies of the e¤ects of central bank intervention in fx markets for these countries (Tapia and Tokman (2004) for Chile; Guimaraes and Karacadag (2004) for Mexico and Turkey; Domac and Mendoza (2004) for Turkey; Neely (2001) for Brazil, Chile, Hong Kong, and Mexico; Echavarría et al. (2009) for Colombia; in addition, internal studies on the e¤ec-tiveness of exchange rate intervention have been developed for Peru and South Africa); ii). there is information on CDS and stock market indices for all of these countries since the beginning of the 2000s; and, iii). all of these countries follow similar exchange rate regimes, labeled as "managed ‡oating" by Reinhart and Rogo¤ (2004) . Figure 1 shows the time-series behavior in daily frequency of the exchange rates of the countries included in our sample, from January 2001 to December 2010. The …rst panel shows exchange rates for South American countries while the second panel shows exchange rates for the other emerging market economies. Note that all South American countries exhibit a persistent process of local currency appreciation during the sample period, with a temporal tendency break-down around September 2008 as a consequence of the international …nancial crisis. In this study we test for exchange rate momentum. We check whether the probability of obtaining a positive (negative) exchange rate return is higher when it was positive (negative) in the preceding period. For this purpose we collect information on daily end-of-the-day exchange rates for the eight market economies considered, as well as daily data on important control variables such as stock market indices, CDS and VIX. Control variables are included to isolate momentum from common movements of exchange rates with these variables. Table 1 presents descriptive statistics of these variables by country. All sample means of exchange rate returns are negative as expected, except for Hong Kong, while larger return dispersions correspond to South Africa, Brazil, and Turkey. Note that unconditionally the empirical probability of observing an increase in the exchange rate return is higher than observing a decrease for all countries except for Hong Kong. 
Empirical strategy and results
The objective of this study is to provide a simple empirical test for the hypothesis of exchange rate momentum. Our approach consists in estimating a probabilistic model in which the dependent variable represents the probability that the sign of the exchange rate return in the current period is the negative of the sign of last period´s exchange rate return. We propose the following statistical framework. Consider two possible states of the world: S t = fu; dg ; 8t (intuitively, obtaining a positive return (up) and obtaining a negative return (down), respectively) where S t represents the state at time t. The current state is u if the current exchange rate´s return is positive, and it is d when the current exchange rate´s return is negative. Let Y ij;t be the probability of changing from state i at time t 1 to state j at time t, i.e.,
where i; j = fu; dg :
In order to test the hypothesis of momentum, we introduce covariates by de…ning the following function 4 :
Y ij;t = Pr (S t = jj S t 1 = i; X t ; z t ; ) = I i;t F (X t ; z t ; )
where I i;t represents an indicator function, X t is a vector of covariates at time t, z t is a dummy variable that takes the value of 1 if the exchange rate return´s sign of the last period is di¤erent of the one of the current period, is a vector of parameters, and F ( ) is a cumulative density function (cdf). The indicator function is speci…ed in three di¤erent ways. In the …rst speci…cation the indicator function takes on the value of 1 always. In the other two the indicator function is used to separate the cases in which the current returns of the exchange rate are positive or negative. We establish the last two speci…cations to test whether momentum acts asymmetrically depending on whether observed returns are positive or negative. Our interest lies in the sign and signi…cance of the parameter associated with z t . If the sign of this parameter is negative and statistically signi…cant it is possi-ble to argue that exchange rate exhibits short term persistence or momentum. In other words, the probability of observing a positive (negative) exchange rate return today is higher if yesterday´s return was also positive (negative). The X t vector includes control variables such as Credit Default Swaps (CDS), stock market indices, and the Standard and Poor´s VIX, all of these in daily frequency. These covariates allow us to control for issues such as risk aversion and temporal changes in assets´value. It is possible to think that a variable like the stock market index might be determined at the same time of the dependent variable. In order to avoid the possible problem of simultaneity, we instrument this variable by lagging it one period and taking …rst di¤erences. Additionally, we looked at pairwise correlations between covariates and found that the sample correlation between CDS and stock market indices was very high for all the countries included in the sample. Thus, we decided to exclude CDS from the estimations to reduce the probability of having multicollinearity issues 5 .
In this framework, the function F ( ) can be any cumulative density function. In our case we chose the logistic cdf 6 . Recognizing that providing evidence for just one country, or for a list of countries by separate could lead us to weak evidence of momentum, we pooled the observations of the eight emerging countries 7 in a data set and de…ned seven country dummies, setting Brazil as the base category. In all our speci…cations we use a linear index function, i.e. F (X c;t ; z c;t ; ) = ( 0 + 1 z c;t + 2 V IX t + 3 ST OCK c;t + P 7 c=1 c I c ), where represents the logistic cdf, c indexes the country, ST OCK c;t holds for the stock market index of country c at time t, I c is an indicator function taking the value 1 for country c and zero otherwise, and c is the parameter corresponding to the indicator function I c . Table 2 presents the results of the logistic regression when all the data is used. Six models were estimated under this speci…cation, and di¤er depending in the included control variables. For instance, Model (1) includes only our interest variable, a constant term, and the seven country dummy variables, while Model (4) additionally includes VIX and STOCK. Models (5) and (6) are identical to Model 5 By eliminating CDS from the estimations we were also able to increase the sample period, because these indicator is available only from 2003 on for most of the countries, and in some cases we found many missing values.
6 As a robustness check we also used a probit cdf but, as expected, our results remained the same. 7 We also used runned regressions separately for each country. In all of the cases the sign of the parameter of interest was negative, as expected. However, statistical signi…cance was not attained in all cases.
(4), except that instead of using STOCK as a control, they use two di¤erent instruments for this variable: its …rst lag (STOCK(-1)), and its return (D(Ln(STOCK)). Note that in all six models the coe¢ cient corresponding to our variable of interest resulted negative and statistically signi…cant at conventional levels. Important to note, the magnitude of the coe¢ cient in all the models is very similar, around -0.06. Thus, we …nd evidence of momentum in exchange rate for our sample of emerging market economies. Even though none of the control variables included in the di¤erent models resulted statistically signi…cant, their signs were the expected ones; and additionally, all six models were globally signi…cant according to likelihood ratio tests. Finally, Hong Kong and Mexico seem to present lower momentum with respect to Brazil (the base category). Tables 3 and 4 show results of the logistic regression separating by the two possible states. The sample used in the estimations reported in Table 3 includes only cases in which the exchange rate returns are positive, while the sample used in the estimations reported in Table 4 includes only cases in which they are negative. Worthy to note, we …nd an asymmetric e¤ect of the previous behavior of the exchange rate´s return on the probability of obtaining gains (losses) in the current period. Conditional on having observed an exchange rate depreciation in the current period, it is more likely to observe an additional depreciation next period. Meanwhile, there is no statistical evidence in favor of inertia during times in which the exchange rate in appreciating. However, the sign of the coe¢ cient of the variable of interest is also negative when periods of exchange rate appreciation are considered (see Table 4 ). The observed asymmetric behavior may obey to the "fear of ‡oating" in emerging market economies. Empirical and case studies have shown that these economies are more sensitive to exchange rate appreciation 8 than depreciation and therefore 8 Many emerging economies export commodities and bene…t from exchange rate deprecia-central bank authorities are more inclined to intervene fx markets during periods in which exchange rate appreciation is observed (see, for instance, Levy-Yeyati and Sturzenegger (2007) , and Pontines and Rajan (2010) ). Central bank intervention during periods of exchange rate appreciation tends to generate short periods of currency reversion -i.e., short periods of exchange rate depreciation -which are exploited by traders who take short positions in dollars, leading to positive gains and further exchange rate depreciation for short periods of time. Finally, note that changes in the stock market index signi…cantly a¤ect the probability of changing state both during periods of exchange rate appreciation and depreciation. The sign of the coe¢ cient associated to this variable is the expected one. For example, during periods of exchange rate depreciation, an increase in the stock market index leads to a higher probability of changing state, i.e., of observing an appreciation of the exchange rate. On the contrary, during periods of tion.
exchange rate appreciation, an increase in the stock market index leads to a lower probability of changing state, in other words, excerpts additional pressure towards further exchange rate appreciation.
Concluding remarks
This study proposes a new method for testing for nominal exchange rate momentum using a probabilistic approach. Our methodology has some advantages over the existing ones -which are based on the study of sample autocorrelation functions -, including the maximal use of existing data and the identi…cation of the likelihood of e¤ects at various exposure levels. We illustrate our methodology estimating a binary response model using information on local currency / US dollar exchange rates of eight emerging economies (Brazil, Chile, Colombia, Hong Kong, Mexico, Peru, South Africa, and Turkey), which were selected according to the following criteria: countries for which there exist particular case studies of the e¤ects of central bank intervention in foreign exchange markets, for which relevant information is available on a daily basis starting at the beginning of the 2000s, and which follow similar exchange rate regimes. After controlling for important variables a¤ecting the behavior of exchange rates in the short-run, we show evidence of exchange rate inertia; in other words, we …nd that exchange rate momentum is a common feature in this group of emerging economies. However, we …nd that the presence of momentum is asymmetric, being stronger and more statistically signi…cant in moments of currency depreciation than in moments of appreciation. This asymmetric behavior may obey to the "fear of ‡oating" in emerging market economies. Central bank intervention during periods of exchange rate appreciation tends to generate short periods of currency reversion -i.e., short periods of exchange rate depreciation -which are exploited by traders who take short positions in dollars, leading to positive gains and further exchange rate depreciation for short periods of time.
